This paper out lines the implementation of the variational iteration method using He's polynomials (VMHP) for solving the Hirota-Satsuma model which occurs quite often in applied sciences. Numerical results show that the proposed VIMHP is quite efficient.
Introduction
Recently, Ji-Huan He [1 -15] developed two very efficient techniques which are named as variational iteration (VIM) and homotopy perturbation (HPM) methods. These schemes completely changed the research scenario in nonlinear sciences due to their simplicity coupled with tangible accuracy. VIM and HPM have been applied on a wide range of physical problems, see [1 -39] and the references therein. In a subsequent work, Ghorbani and Nadjfi [26, 27 ] introduced He's polynomials which are calculated from the homotopy perturbation method (HPM). Most recently, Noor and Mohyud-Din [33 -35] made the elegant coupling of He's polynomials and the correction functional of VIM. This very reliable modified version (VIMHP) has been proved to be useful in coping with the physical nature of the nonlinear problems and, hence, absorbs all the positive features of the coupled techniques, see [39 -42] . Inspired and motivated by the ongoing research in this area, we applied the variational iteration method using He's polynomials (VIMHP) for solving the Hirota-Satsuma model which arises quite often in applied sciences, see [18, 29, 39 -47] . The obtained results are very encouraging.
Variational Iteration Method using He's Polynomials (VIMHP)
To illustrate the basic concept of VIMHP, we consider the following general differential equation: 
where λ is a Lagrange multiplier [5, 10 -15] ,ũ n is a restricted variation; (2) is called a 'correction functional'. Now, we apply He's polynomials [13, 14] 
which is the VIMHP [33 -35] and is formulated by the coupling of VIM and He's polynomials. The comparison of like powers of p gives solutions of various orders.
Solution Procedure
Consider the following Hirota-Satsuma coupled Korteweg-de Vries (KdV) system:
with the initial conditions
where c 0 , c 1 , and β are constants. The exact solution of the problem is given by
The correction functionals for the above system are given as
Making the correction functional stationary, the Lagrange multipliers can easily be identified as λ 1 = λ 2 = λ 3 = −1, consequently,
(w nt + w n xxx − 3u n w n x ))ds. Applying the variational iteration method using He's polynomials (VIMHP), we get
Comparing the coefficient of like powers of p, following approximants are obtained: p (1) :
. . . The closed form solution is given as
and is graphically depicted in Figures 1 -3 .
Conclusion
In this paper, we applied the variational iteration method using He's polynomials (VIMHP) for solving Hirota-Satsuma coupled KdV systems. The method is applied in a direct way without using linearization, transformation, discretization or restrictive assumptions. It may be concluded that the VIMHP is very powerful and efficient in finding the analytical solutions for a wide class of boundary value problems. The method gives more realistic series solutions that converge very rapidly in physical prob-lems. It is worth mentioning that the method is capable of reducing the volume of the computational work as compare to the classical methods while still maintaining the high accuracy of the numerical result. The fact that the VIMHP solves nonlinear problems without using Adomian's polynomials is a clear advantage of this technique over the decomposition method.
